Inbreeding has been one of central issues with regard to genetic quality of aquaculture species, including giant fresh water prawn (GFP). Conventional methods for the estimation of inbreeding level are available, such as pedigree analyses which requires a good pedigree record which, unfortunately, is rarely available. Likewise, microsatellite molecular markers commonly applied to obtain the coefficient inbreeding estimates are both laborious and expensive. Hence, an alternative method of inbreeding assessment which is relatively easy but reliable is in need. This study was aimed to explore the applicability of RAPD fingerprinting, which is known to be simple and affordable, to estimate inbreeding level of GFP population. Three GFP populations namely inbred, outbred, and farm populations with inbreeding level of 25%, 0%, and unknown, respectively, were genotyped using five polymorphic RAPD primers. The inbreeding levels mentioned within the first two populations were determined using pedigree analysis. RAPD banding patterns were then used to calculate band sharing index (BSI) and inbreeding coefficient (F). Assessment of the applicability of inbreeding level estimates obtained by RAPD markers was performed by comparing them to those estimated by pedigree analysis. Results show that RAPD fingerprinting was capable of delineating populations differing in their inbreeding coefficients. The pattern resulted from molecular inbreeding coefficient within the inbred and outbred groups, was congruent with that shown by pedigree analysis, while the farm population showed closeness to the inbred group. While the accuracy of the estimate needs to be verified further, this study suggests that RAPD fingerprinting is applicable to estimate population inbreeding level, particularly due to its technical simplicity and cost affordability.
INTRODUCTION
Detrimental effects of inbreeding depression on economically important traits of aquaculture species, such as growth and reproductive performances, resistance to diseases, and tolerance to environmental stresses, have been widely acknowledged (Allendorf & Luikart, 2007; Tave, 1999) . Accordingly, many studies have been conducted to gain understanding on the circumstances promoting the emergence of it and on the measures toward controlling it (Sanchez et al., 2003; . Inherent to the effort of controlling inbreeding depression within a population is understanding on the population's inbreeding level. One would not be able to take necessary measures to control
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the effect of inbreeding without having information on inbreeding level within the population of interest.
Inbreeding level or inbreeding coefficient refers to a measure of inbreeding within population that determines the probability that two alleles at a locus of an individual are identical by descent (Frankham et al., 2002) . It can also be used to describe the proportion of loci in an individual that are homozygous. Several approaches are available to estimate inbreeding level of population namely pedigree analysis, the information of effective breeding number, and the use of molecular approaches (Allendorf & Luikart, 2007) . Estimation of inbreeding level using the first two approaches requires good records of either individual broodstock pedigree or actual breed contributing per generation, respectively. Unfortunately, this situation is a very rare case. Even within publicly-operated hatcheries, no pedigree information with respect to the broodstock usage is available. This situation makes the prediction of inbreeding coefficient within population is almost impossible. Hence, molecular-based estimates of inbreeding coefficient could serve as an alternative.
Most estimates of molecular inbreeding coefficient currently available have been generated using microsatellite marker (Bierne et al., 1998; Ditlecadet et al., 2006; Kang et al., 2006; Pariset et al., 2003; Romana-Eguia et al., 2005) . This marker system is ideal as it is codominant, covers nuclear genome and highly polymorphic. Due to these beneficial features, it is often mentioned as molecular marker for the future (Wright & Bentzen, 1994) . However, microsatellite analysis demands more technical/laboratory skill and higher cost. For practical purposes, molecular marker system having characteristics of being cost effective and easy to implement is highly desirable. Randomly Amplified Polymorphic DNA (RAPD) is a PCR-based DNA fingerprinting technique that can meet these requirements. It is one of the simplest DNA genotyping methods and possesses several advantages over other molecular marker systems (Liu, 2007) . Developed some 20 years ago (Williams et al., 1990) , it gained popularity in the field of molecular characterization of fish populations, particularly in the area of population identification, genetic diversity, and population differentiation (Ali et al., 2004) . Different from microsatellite marker however, this marker is dominant in nature. While molecular estimation of inbreeding level relies on the proportion homozygous and heterozygous states of the locus, DNA banding patterns resulting from RAPD analysis, due to its dominant nature, could not differentiate between homozygous and heterozygous states. For this reason apparently, RPAD marker system, albeit easy to implement, has not been widely used for the estimation of inbreeding coefficient of population. The only report, following extensive browsing of online resources on the relevant topic, came from Bhattacharya et al. (2003) .
By making use information on the use of DNA fingerprinting for the estimation of relatedness and inbreeding in chicken (Kuhnlein et al., 1990) and goose (Grunder et al., 1994) , Bhattacharya et al. (2003) implemented the use of RAPD system to estimate inbreeding coefficient within populations of cattle. Despite the ability of RAPD system to provide inbreeding coefficient in the population of interest, the accuracy of the estimates is unknown. This occurred due to the lack of comparative information on inbreeding coefficients provided by other methods such as those provided by pedigree record or effective breeding number within the cattle populations under study. Consequently, the estimate could be under or over the actual level. To examine the accuracy of the estimates of molecular inbreeding coefficient generated by RAPD marker, comparisons need to be made between those estimated by RAPD marker with those estimated by other methods (pedigree analysis).
Giant Freshwater prawn (GFP) is a species of aquaculture interest. Supply of seed for aquaculture relies mainly on hatcheries whose bloodstock obtained from grow-out pond, a practice that is susceptible from the occurrence of inbreeding. This study was aimed to elaborate the application of RAPD markers to estimate inbreeding level of population of GFP by comparing it to those obtained by alternative methods.
MATERIALS AND METHODS

Animal Test and Their PedigreeBased Inbreeding Levels
Three GFP populations were used for the purpose of this study. The first two populations were those with known of their inbreeding levels, namely 25 and 0 percent, while the Indonesian Aquaculture Journal Vol.5 No.1, 2010 last population was those with unknown inbreeding level. The development of the first two groups was made possible due to the availability of live biological collections of different GFP germ plasm in the Research Institute for Freshwater Fish Breeding and Aquaculture (RIFFBA). The first two groups were formed through pedigreed mating, namely mating system by pairing individual broodstock with known pedigree. The first group, called inbred population, was population of progenies produced by mating of individual broodstocks derived from the same parental pair (full sib mating). Given this relationship, inbreeding level in the first group would be at least 25% (Frankham et al., 2002; Nakadate et al., 2003) .
The second group, called outbred population, was progenies produced by mating individual broodstocks derived from the same population but of different parental pair (Figure 1 ). Under these circumstances, the inbreeding level of the second group would be zero (Frankham et al., 2002) . This population is referred to as RIFFBA normal stock. The actual inbreeding levels of the respective group however, may exceed that figures depending on the previous parental (grandparent) relatedness. However, due to the lack of that information, it was assumed that individuals within grandparent generation were not related.
The third group was a GFP population obtained from a private breeder group at Ciamis regency who applied a closed production system. For the purpose of this paper, from now onwards, the Ciamis population will be referred to as farm population. All production steps consisting of fry production, nursery, and growing-out and broodstock supply are performed by their group members. For business-oriented reasons, broodstock supply was obtained from growing out ponds without considering and applying genetic principles. Under these circumstances, the population is expected to experience some degree of inbreeding, a prediction that would be addressed through this study. The practice of closed production system took its formal form in 2006 when the group received subsidiary fund from the provincial government, although the practice itself might be started beforehand. The summary of the GFP populations used in this study, particularly with respect to genetic aspect, are summarized in Table 1 .
RAPD Genotyping
DNA Extraction
GeneEluteGenomic mammalian genomic DNA miniprep kit (Sigma-Aldrich) was used to extract genomic DNA from individual samples. Briefly, it was performed by adding some 25 mg of GFP muscle tissue in to 1.5 mL tube, followed by the addition of 180 μL of lysis solution and 20 μL of protein K solution and the mixture was incubated at 55 o C for 2-4 hours until the tissue was completely digested. Following this step, the mixture was added with 200 μL of 95%-100% ethanol, vortexed for
Figure1. Illustration on the mating design used to produce groups of inbred and outbred progenies. Groups of inbred progenies were produced by brother-sister mating while groups of outbred progenies were produced by mating of unrelated individual derived from different families. Population tests were those belong to G (2) G (0) G ( The application of RAPD fingerprinting to assess inbreeding levels ... (Imron) 5-10 sec. to make it homogenous and put in a pretreated binding column, which was prepared by adding 500 μL of column preparation solution and spun at 12,000 g for 1 min. Following spinning for 1 min. at 6,500 g, the binding column was then transferred to collection tube for twice consecutive washing, which was carried out by adding 500 μL of washing solution followed by spinning at 6,500 g for 1 min. The procedure was ended up with elution step which was carried by adding some 200 μL of elution solution followed by 5 min. incubation at room temperature and terminated with spinning at 6,500 g for 1 min.
PCR Amplification and Result Documentation
The main disadvantage of RAPD technique for genotyping is reproducibility issue (Ali et al., 2004) . Hence, optimization procedures were carried out before actual RAPD PCR was undertaken. The optimization procedures particularly were focused to obtain the best quality genomic DNA template for PCR. These included the determination of concentration, purity, and the ratio of high and low sized of genomic DNA. The best result obtained from the optimization procedures were applied to this study.
PCR reaction was conducted in 15 μL volume containing 6 μL of 2x mastermix microsattype it (Qiagen), 1 μL of decamer primer, around 50-ng of DNA template, and 7 μL H2O. The primers used are listed in Table 2 . Amplification of genomic DNA fragments was carried out using Mycycler thermal cycler (Biorad) for 35 cycles. The thermal profiles were 3 min. at 94 o C for initial denaturation, followed by 35 cycles of C for 2 min. The whole cycles were terminated at 72 o C for 10 min. The PCR product was run on horizontal agarose electrophoresis system (1.5% agarose in 0.5x Tris Boric EDTA (TBE) buffer, that was set at 10 volt and run for 6 hours. The product was then viewed using ultraviolet (UV transilluminator) following staining with ethidium bromide.
Data Analyses
RAPD fingerprinting resulting from the electrophoresis were scored as one (1) or zero (0) for the presence or absence of the bands, respectively. Size of RAPD bands was not precisely determined using individual sequences; rather they were arbitrarily determined by comparing with a known DNA size marker. Likewise, the differences in band intensity were not taken into account, namely the bands were scored the same regardless the intensity as long as they show the same size. The scores were then used to calculate two parameters, namely 1) band sharing index (BSI) and 2) population inbreeding coefficient (F). BSI is a system for determining diversity among members of a group (Leonard et al., 1999) . It was determined following the formula of Bhattacharya et al. (2003) as follow:
Inbreeding coefficient (F) was calculated using formula of Kuhnlein et al. (1990) : Assessment of applicability of inbreeding coefficients estimated by RAPD markers was conducted by comparing them to those predicted by pedigree analysis. Due to the lack of information on pedigree-based inbreeding level estimate within the farm population, the comparisons were restricted to the inbred and outbred populations. Two features, namely pattern and magnitude of the estimates, were used for the comparisons.
Results and Discussion
General RAPD Profiles
Results of RAPD analysis summarised in the forms of number and size of bands for each primer within the respective population is presented in Table 3 . The five RAPD primers used to genotype samples within this study were found to be useful in delineating groups of GFP differing in inbreeding levels. They were all polymorphic and were able of generating polymorphic bands which are useful for the The application of RAPD fingerprinting to assess inbreeding levels ..
. (Imron)
purpose of analysis (Tabel 2). Polymorphism shown by all the primers used in this study is not surprising given they were all chosen on the basis of previous preliminary experiment. Only those showing good resolution and polymorphism were used in this study.
Band Sharing Index (BSI) and Inbreeding Coefficient (F)
The band sharing index (BSI) is a measure of similarity. It is often used to make clustering of individuals based on certain marker (see e.g. Bossier et al., 2004; Dong et al., 1996; Khoo et al., 1997; Yoon & Kim, 2001) . A BSI within a group measures similarity of individuals within the group, while BSI between groups measures similarity of individuals of different groups. A group with a higher BSI value means the individuals within that group are more similar one to another relative to a group with a lower BSI value. Within this study, the highest BSI was found within the inbred group, followed by the farm and outbred groups (Table 4) . These values suggest that from genetic perspective, the members of inbred population are genetically more similar one to another relative to individual member of both farm and outbred groups. This phenomenon is easily understood because individuals within the inbred group inherit alleles from the parents who shared common ancestor.
In line with the BSI, the values of RAPDbased inbreeding coefficient (F) found within the three populations show the same pattern, in which the highest F value was found within the inbred, followed consecutively by the farm and the outbred groups (Table 5 ). Contrasting degree of inbreeding coefficient found within the inbred (the highest) and the outbred (the lowest) is exactly the same as expected. It is Tabel 4. The values of band sharing index (BSI ± standard deviation) within the GFP populations which based on pedigree analysis were categorized as inbred and outbred with inbreeding levels of 25% and 0%, respectively, and a farm population with unknown inbreeding level 
Band Sharing Index (BSI) Primer
Tabel 5. The estimates of RAPD-based inbreeding coefficient (F) within the GFP populations which based on pedigree analysis were categorized as inbred and outbred with inbreeding levels of 25% and 0%, respectively, and a farm population with unknown inbreeding level 
Inbreeding c oeffic ient (F) (%) Primer
Indonesian Aquaculture Journal Vol.5 No.1, 2010 interesting to note that the farm population, whose information of inbreeding coefficient was not available by the time of analysis, shows a pattern close to the inbred group. Since inbreeding accumulates over time (Frankham et al., 2002) , the farm population whose domestication period is shorter (Table 1) , theoretically would accumulate less inbreeding coefficient. It was expected that it should have lower inbreeding coefficient than the RIFFBA normal stock since the latter has a longer domestication period (Table 1) . However, this is not the case. Instead of showing the predicted pattern, the data (Table 5) shows the reverse. This suggests that from genetic point of view, the farm population has experienced a considerable level of inbreeding. This situation may occur due at least two factors, namely small population size and closed production system (Frankham et al., 2002; Tave, 1999) . While the assumption of small population size per generation need to be clarified further, closed production system is really occurring and has been implemented by the farmer group for at least five generations. Overall, the resulted patterns are in line with those predicted under theoretical expectation. However, discrepancies were also observed, particularly in the magnitude of inbreeding coefficients between those predicted under pedigree and molecular analyses, as will be discussed in the next section.
Comparisons of RAPD-and pedigreebased inbreeding coefficients
Based on pedigree analysis, the populations analysed within this study have inbreeding coefficient of 25% and 0% for the inbred and outbred groups, respectively (Table 1 ). The RAPD-based analysis conversely, discovered figures that were much higher, more than 70% and 36% for the inbred and outbred groups, respectively (Figure 2) . At a glance, both methods produce significantly different estimates and one may infer that RAPD-based estimate is unreliable. However, looking at the pattern congruency along with the history of the groups used in this study as will be discussed below, it will immediately be seen that the negative conclusion is not true.
Congruency in Pattern Between RAPDand Pedigree-Based Estimates
Despite showing different magnitude, Figure 2 shows that inbreeding coefficient estimates generated by RAPD markers and pedigree analysis was congruent. Inbred group consistently showed higher level of inbreeding coefficient than the outbred group regardless the estimation methods used. This pattern tells us that both methods are exchangeable. Figure 2 shows that the RAPD-based estimates seem to be inflated. The coefficients were nearly three times and more than double in the inbred and outbred groups, respectively, which may cause confusion about the correct estimates. For the explanation that will be described below, author argues that within this study RAPD-based estimates of inbreeding coefficient provide more correct and reasonable than pedigree-based estimates for at least three reasons. Firstly and most importantly, it should be noted that inbreeding coefficient that was present within individual/population is accumulative over generations (Tave, 1999) . Biologically, current generation accumulates inbreeding level from previous generations. While RAPD based estimates reflect the whole accumulated level of inbreeding, pedigree based estimates used in this study were determined based on the level in current generation only. They do not cover the accumulation of inbreeding that may occur in the previous generations. This assumption was made, despite illogical, due to the lack of record with regard to the effective breeding number (Ne), number of parents effectively contribute progeny to the next generation. This information is required to determine inbreeding level.
Discrepancy in The Magnitude of RAPDand Pedigree-Based Estimates
Secondly, the GFP stocks used in this study were cultivated stocks that have been under domestication for ten generations since its launching in 2001 or some 13 generations since its establishment through breeding program in 1998. As with other farm populations in which inbreeding is something unavoidable (Allendorf & Luikart, 2007) , the RIFFBA GFP stocks must have experienced some levels of inbreeding within each generation. Compared to other aquaculture species, particularly those whose reproductive cycle can be artificially controlled, the situation has even been worse for GFP as they are asynchronous spawner and artificial induced breeding could not be applied yet. Consequently, the Ne was expected to be small and inbreeding must occur within each generation. All the abovementioned information may give support that the actual inbreeding coefficient within the RIFBA GFP stocks must be much higher than that estimated within this study.
Thirdly, the difference of inbreeding estimates between RAPD marker and pedigree analysis, ranging from 37% to 46% (Figure 2 ) actually may inform the inbreeding accumulation occurred within the RIFFBA GFP stocks for the last 12 generations. These figures imply that, on average, the stocks experienced the rate of inbreeding coefficient accumulation of 3%-4% per generation. Considering the previous illustration, this prediction is sensible. Therefore, despite quite surprising, the RAPDbased inbreeding coefficient discovered within the current study is reasonable and may reflect the true situation.
A similar explanation also holds for the farm population. A closed production system along with the absence of standard procedures ensuring the maintenance of genetic quality, have lead to the quick accumulation of inbreeding coefficient within the population. The fact that inbreeding coefficient of this population close to that of the inbred group of RIFFBA GFP stock suggested that similar genetic management may have been applied by both groups of GFP hatcheries.
The success to employ the simple molecular method such as RAPD to estimate population inbreeding level may provide quick solution for the problem arises in production process, particularly when information is required whether genetics or environmental factors are involved. It is also potential to be incorporated in genetic quality monitoring for both aquaculture and fishery management. Inbreeding estimation through the use of RAPD as described in this study for fisheries and aquaculture purposes is the first ever conducted. Earlier use of this technique had been applied to cattle (Bhattacharya et al., 2003) , and poultry (Grunder et al., 1994; Kuhnlein et al., 1990) . However, different from this study, those previous studies did not include prior information with regard to the inbreeding levels within these populations.
Despite the success, further refinements and verification need to be made to obtain more reliable estimate. For instance, despite congruent pattern and reasonable magnitude, the consistency of the estimate across RAPD primers was quite low. This is indicated by the relatively high value of standard deviation (Table 5 ). This issue could be addressed by screening more primers that more polymorphic primers with high resolution banding pattern can be discovered. Running more primers will reduce variation and improve reliability. For the Indonesian Aquaculture Journal Vol.5 No.1, 2010 purpose of verification, RAPD-based technique could be applied to population whose information of pedigree-based inbreeding coefficients is more accurate. Additionally, it can also be made by comparing to the results obtained from the analysis using other molecular tools such as microsatellite DNA markers.
CONCLUSION
RAPD markers have been proved to be applicable and useful in delineating GFP populations differing in inbreeding levels. Despite requirement of further calibration and verification, considering its technical simplicity and cost efficiency, it has a potential to be applied in genetic monitoring for both aquaculture and fishery management purposes.
